Abstract
Introduction
one of the main categories of food fraud; others being the adulteration and substitution of 37 products (Spink et al., 2017; Tähkäpää et al., 2015) . Food misrepresentation is the false 38 advertisement or incorrect labelling of a food product (Spink et al., 2017) , describing it to 39 the consumer as something that it is not. An example of this would be labelling a box of 40 M A N U S C R I P T
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2 eggs as barn eggs, when they are in fact cage eggs, as the barn eggs could be sold at a 41 higher price, resulting in an increased revenue. 42
Although food fraud is not a new problem, the globalization of food supply chains over 43 more recent years has resulted in food fraud having a greater and more widespread 44 impact (Manning & can result in a lack of sales, causing negative economic implications not only for other 50
FBOs, but also for the government due to a loss of value added tax from sales 51 (Tähkäpää et al., 2015) . Economic issues can also arise from product recalls and 52 authenticity testing of products following the discovery of fraudulence (Spink et al., 53 2017) . 54
Metabonomics is the in-depth profiling of small molecules, typically below 1000 m/z, in 55 organic tissues and biofluids, in order to observe changes in the small molecule profiles 56 due to endogenous and exogenous factors (Tang & Wang, 2006; Wilson et al., 2005 higher in organic and free-range eggs, compared to cage and barn eggs (Rogers, 2009) . 134 However, none of these studies utilise a non-targeted metabonomic approach to 135 uncovering differences between eggs from different housing systems. A non-targeted 136 M A N U S C R I P T
approach enables a wide range of compounds to be studied, increasing the potential of 137 discovering a compound, or class of compounds, of interest, that could help discriminate 138 between eggs originating from different housing systems. 139
This paper aims to show how a non-targeted metabonomic technique, using HPLC-Q-140
ToF-MS, can be used to uncover differences in the small molecule profiles of egg yolks 141 from enriched cage and barn eggs. It will then show how this type of approach can lead 142 to a tentative identification of a compound that has potential to be used as a biomarker of 143 egg farming method in the future. 144
The general workflow that has been carried out in this research, from metabolite 145 extraction to statistical analysis and compound identification, has been developed by the 146 authors and used in a previous study ( 
Sample Collection

158
Fresh eggs, six from caged hens and six from barn hens, were collected from Oaklands 159
Farm Eggs Ltd., Shrewsbury, U.K. Laying hens from both housing systems were of the 160
Novogen breed, all fed the same diet, and were 50 weeks old at the point of lay. Eggs were 161 stored at 23°C overnight and metabolite extraction was carried out the following day. 162
Metabolite Extraction
163
The metabolite extraction method was carried out as in previous work (Johnson et al., 2018) .
164
As egg yolk is more compound-rich than the albumen, which consists mainly of water (Li-165
Chan & Kim, 2008), analysis was focussed on the yolk. Egg yolk was separated from 166 albumen using a stainless steel egg yolk separator, and approximately 50mg of each sample 167 was weighed out into 1.5mL Eppendorf tubes. An organic extraction solvent mixture (3 168 dichloromethane: 1 methanol) was added (1mL per 50mg) and the samples were vortexed, 169 then centrifuged for 20 minutes at 16,100rcf. From this, 0.75mL of supernatant was removed 170 from each tube and allowed to evaporate overnight under ambient conditions. The dried 171 extracts were then re-suspended in 0.75mL methanol, vortexed, and stored at -80°C prior to 172 analysis. 173 Excel Multivariate Analysis add-in, on all remaining compounds with a RSD% lower than 216 30%. The data was standardised, and the PCA included six principal components. Scores 217 plots were then produced. The loadings from principal component 3 (PC3), the principal 218 component which showed the greatest amount of variation between samples on the scores 219 plots due to housing system, were used to rank the compounds from the highest to the 220 lowest. The top 100 compounds, responsible for the most variation between samples due to 221 housing system, were taken and any duplicates, isotopes, and adducts were removed. F-222 tests were carried out on the remaining compounds to test the equality of variances, and 223 corresponding t-tests were then carried out, depending on the results of the F-tests. 224
Quality Control
Chromatographic Parameters
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6 Agilent Technologies' MassHunter Qualitative Analysis software was used to study the raw 225 data and confirm the statistical significance of compounds that were found to show a 226 significant difference from the t-tests. Extracted Ion Chromatograms (EICs) were produced 227 for each statistically significant compound using this software, and the F-tests and t-tests 228 were again carried out using the peak areas from the integrated EICs. This was done to 229 ensure that all results were robust. 230
Identification
231
For those compounds that were still found to be statistically significant when confirmed using 232 the raw data, attempts were made to identify them. EICs were produced for each of these 233 compounds using MassHunter Qualitative Analysis and the software predicted potential 234 molecular formulas for the compounds based on their mass spectra (Sana, 
Metabolite Profiling
244
There is a subtle, but visible, difference in metabolite profile between cage and barn eggs, 245
as can be seen in Figure 1 . Although all peaks are present in both profiles, most 246 chromatographic peaks appear to be of a slightly higher intensity for barn eggs compared to 247 cage eggs. 248
Multivariate Statistics
249
Scores plots were produced following PCA and, as can be seen in Figure 2 , they show that 250 the QC samples are clustered tightly together, meaning that there was little to no 251 instrumental drift throughout the analysis. This proves that the differences between samples 252 and sample sets, as displayed on the scores plot, are due to true biological differences, 253 rather than an instrumental effect. Although there is quite wide variation between samples 254 within sample sets, a clear separation can be seen between barn and cage eggs. This 255 separation is mostly across PC3, hence why the loadings of this principal component were 256 then used to rank the compounds from highest to lowest, in order to choose the top 100 257 compounds responsible for the greatest amount of variation between the yolks of eggs from 258 different housing systems. The variation within barn and cage egg sample sets can be 259 explained by the fact that the eggs, even within one housing system, were laid by different 260 birds, therefore the metabolite profiles will be different between the eggs due to differences 261 in the birds themselves. This explains why scores plots using PC1 were not used to show 262 the difference between barn and cage eggs, or to rank the compounds based on loadings; 263 PC1 describes the highest amount of variation between samples (97.101%), however this 264 variation is between random eggs, due to being laid by different birds, not between eggs 265 produced by different farming methods. The scores plot in Figure 2 shows good, clear 266 separation between barn and cage eggs however, the difference between the two sample 267 sets is actually very subtle, with PC2 describing only 1.075% of the variation between 268 samples, and PC3 describing only 0.764%. Although PC1 describes the largest amount of 269 M A N U S C R I P T
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variation between eggs, PC3 describes the variation that is due to differences between 270 housing systems. 271
Potential Biomarkers
272
Following the removal of duplicates, adducts, and isotopes from the top 100 compounds 273 based on PC3 loadings (as most separation was observed across PC3 on the scores plot in 274 Figure 2 ), only 59 compounds remained. Of these 59 compounds, 29 were found to be 275 significantly different in abundance between barn and cage eggs, with P<0.05, and only 23 276 compounds were still found to be statistically significant after analyzing the raw data. These 277 final 23 compounds, identified by their m/z and retention time, can be seen in Table 1 in the 278 appendix, along with their RSD% and the P-values resulting from t-tests. The abundances of 279 all of these 23 compounds were found to be higher in barn eggs than in cage eggs, which 280 supports what was observed in Figure 1 , with most peaks showing higher intensity in the 281 barn egg chromatogram compared to the cage egg chromatogram. 282
Tentative Compound Identification
283
The feature identification workflow was then applied to the 23 compounds in Table 1 . Of 284 these 23 compounds, 12 produced potential metabolite matches through METLIN, as can be 285 seen in Table 2 . The mass spectra of these 12 compounds produced by the analysis in this 286 study were compared against the mass spectra for the potential matches provided by 287 METLIN, and just one of these compounds resulted in a match; the compound with m/z 288 734.5699 and potential formula C 40 H 80 NO 8 P was tentatively identified as the phospholipid 289 dipalmitoyl-glycero-3-phosphatidylcholine. Figure 3 shows the comparison of the mass 290 spectra for this compound. If the identification of this compound was to be confirmed as 291 dipalmitoyl-glycero-3-phosphatidylcholine using a chemical standard then, following further 292 work, there would be potential for this compound to be used as a biomarker of egg housing 293 system. 294
The remaining 11 compounds that produced potential metabolite matches through METLIN 295 were all matched with various lipids; 3 potential diglycerides, 4 potential triglycerides, and 4 296 potential phospholipids. As all of these compounds were present in a higher abundance in 297 barn eggs compared to cage eggs, this indicates that there is a higher lipid content in eggs 298 from barn production systems compared to eggs from cage systems. These results are 299 similar to those discovered by Pignoli et al., who found that there was a higher lipid content 300 in free range eggs compared to cage eggs (Pignoli et al., 2009 ). In addition to the potential 301 use of dipalmitoyl-glycero-3-phosphatidylcholine as a biomarker of egg housing system, it 302 may be that a lipid profile, consisting of various lipids, could also be used as a method of 303 distinguishing between eggs from different housing systems. 304 305
Conclusion
306
This research has shown that a metabonomic study is a viable approach to uncovering 307 differences between eggs produced by different farming methods. It has shown that there is 308 potential for the lipid profiles of egg yolks to be used as a method to distinguish between 309 eggs from different housing systems, and has tentatively identified a compound that, with 310 confirmation of its identity and further work, could have potential as a biomarker of egg 311 housing system between cage and barn eggs. 312 M A N U S C R I P T A C C E P T E D 
